N itrogen (N 2 ) as a gaseous component of the atmosphere is eff ectively an unlimited resource, but it is frequently the nutrient that most limits crop productivity. While many plants are capable of absorbing N in organic forms (e.g., Bajwa et al., 1985; Näsholm et al., 1998 Näsholm et al., , 2000 Schmidt et al., 2006) , large scale commercial crops generally either absorb inorganic N forms such as NO 3 − or NH 4 + or in the case of many legumes obtain N from N 2 in the atmosphere via the symbiosis with the rhizobium group of bacteria. Inorganic N forms are available naturally in the biosphere, as the products of electrical discharges (lightning-Liaw et al., 1990) or as the products of the mineralization of organic nitrogen to ammonium and its subsequent nitrifi cation to form nitrate.
Today the largest single input of N for crop nutrition is synthetic fertilizer, mainly manufactured by means of the Häber-Bosch process from natural gas. Smil (2001) showed that N fertilizer production has greatly improved in energetic effi ciency over the past 50 yr from >80 GJ Mg −1 NH 3 before 1955 to 27 GJ Mg −1 NH 3 in the most effi cient plants operating in the late 1990s. The mean value given by Laegreid et al. (1999, p. 204 ) is 54 MJ kg −1 N for urea production in plants operating in 1999 and is probably close to the actual value today (West and Marland, 2002) . This has been translated into greenhouse gas (GHG) emissions by several authors and estimates are generally close to 1.4 kg CO 2 kg −1 urea N manufactured (Kongshaug, 1998; Schlesinger, 2000; West and Marland, 2002) .
Substituting Nitrogen Fertilizer by Biological Nitrogen Fixation (BNF)
Obviously, if a large proportion of our N fertilizer could be substituted by biological N 2 fi xation, considerable mitigation of global CO 2 emissions could be realized. The main practical handicap would appear to be that there is not usually time in the agricultural season to plant a N 2 -fi xing legume before the cereal crop that requires the nitrogen. In temperate climates, the growing season is oft en limited by low temperatures and in the arid and semiarid regions of the tropics and subtropics, by the prolonged dry season.
